monounsaturated, 3.40-11.51% n-6 polyunsaturated, and 18.74-45.42% n-3 polyunsaturated acid. Marine fish contained significantly more Ón-3 PUFA (29.79%), EPA (12.26%), DHA (13.20%), and a higher n-3/n-6 (6.95) ratio than freshwater fish (13.13, 2.47, 7.14, 1.29%) (P £ 0.05). There were statistically significant differences in the n-3/n-6 ratio among fish species (cod (13.40) > sole (8.47) > flounder (4.30) > rainbow trout (2.41) > catfish (1.83) » salmon (1.63) > tilapia (0.57) » pangasius (0.36) (P £ 0.05)).
Introduction
Fish lipids are rich sources of long chain n-3 polyunsaturated fatty acid, especially á-linolenic acid (C18:3, ALA), eicosapentaenoic (C20:5, EPA) and docosahexaenoic (C22:6, DHA) (Holub and Holub 2004 , Lecerf 2007 , DeFilippis et al. 2010 . According to Kris-Etherton et al. (2002) , these acids influence arrhythmia, blood pressure, and hypotriglyceridemia. Attention is also paid to linoleic (C18:2n-6) and arachidonic (C20:4n-6) acids, the latter of which is synthesized from the former (G³ogowski and Ciereszko 2001) . Humans also have a limited ability to synthesize EPA and DHA, which means they must consume them with food or rely on enzymatic transmutations of á-linolenic acid to make them in their systems (Lecerf 2007) . The data in the literature indicate that both marine and freshwater fish are good sources of polyunsaturated fatty acids (Özogul et al. 2007 , Visentainer et al. 2007 , £uczyñska et al. 2008 , Diraman and Dibeklioglu 2009 . Polak-Juszczak (2007) reports that several new fish species available on the Polish market, e.g., Ruvettus pretiosus Cocco, Lates niloticus (L.), Clarias gariepinus (Burchell), and Pangasianodon hypophthalmus (Sauvage), are characterized by low amounts of n-3 fatty acids in relation to Baltic fish. Drobná et al. (2006) found that n-3 PUFA in rainbow trout, Oncorhynchus mykiss (Walb.), depended on its diet, but the content of fatty acids also differed among species (Ko³akowska et al. 2000 , Haliloðlu et al. 2002 , Grela and Dudek 2007 , Bienkiewicz et al. 2008 . Consequently, the objective of this study was to determine if different freshwater and marine fish species had different fatty acid profiles, and if freshwater fish are as good a source of these fatty acids as are marine fish.
Material and methods
All the samples of fresh fish fillets from salmon, Salmo salar L., cod, Gadus morhua L., and catfish C. gariepinus, and gutted flounder Platichthys flesus (L.) and rainbow trout, O. mykiss Walb., and frozen fillets of sole, Solea solea (L.), tilapia, Oreochromis niloticus (L.) and pangasius, P. hypophthalmus, were bought in the January-February 2009 period at markets in northeastern Poland. The fish and fillets were transported to the laboratory. Dorsal muscles (without skin) were excised from fresh, gutted fish, and skinned fresh fish fillets were mixed and then were frozen in polyethylene bags and kept at -25°C until analysis on the following day. The frozen fillets were defrosted, mixed, and analyzed on the same day. Samples from salmon, sole, rainbow trout, catfish, tilapia, and pangasius, comprised individual specimens (Table 1) . Flounder samples were prepared from muscle tissue taken from two fish, and cod samples were prepared from the muscles from one (weight of fillets >240 g) or three fish (weight of fillets < 146 g).
Lipids were extracted from muscles (each sample in duplicate) according to the method described by Berg and Nilsson (1997) . The fats necessary for fatty acids analysis were prepared using cold extraction methods by Folch as described by Christie (1973) using a chloroform-methanol mixture at a ratio of 2:1. The fatty acid methyl esters were prepared with the Peisker method in a mixture of chloroform: methanol: sulfuric acid (100:100:1 v/v;¯egarska et al. 1991). The fatty acid profiles were determined with the capillary gas chromatographic method. The fatty acids were analyzed on an Agilent Gas Chromatograph 6890N with a flame-ionization detector (FID). The instrument conditions were as follows: capillary column (dimensions -30 m x 0.25 μm with a 0.32 mm internal diameter, liquid phase Supelcowax 10); the injector, flame ionization detector and column temperature were 225, 250, and 190°C, respectively, and the helium carrier gas flow was 1 cm 3 min -1 . Individual fatty acids were identified by comparing the relative retention time peaks to known Supelco standards. Statistically significant differences in the contents of fatty acids and n-3/n-6 ratio among species were calculated using one-way analysis of variance ANOVA (Duncan's test). Significant differences among the contents of fatty acids in muscle lipids of marine and freshwater fish were calculated using test t for independent samples. Bartlett's test for homogeneity of variance was also performed to determine if variances in different groups were homogenous. In all cases, statistical significance was P £ 0.05. The contents of fatty acids in the muscles of fish are expressed in percentages of the total fatty acids.
Results
In the present study, the content of fatty acids varied within and among some species. Saturated fatty acids ranged between 18.53 and 42.18% (Table 2 ). The significantly highest percentage value of SFA (P £ 0.05) was noted in pangasius, whereas salmon (18.53%) had the lowest content of saturated fatty acids (P £ 0.05). The percentage range of MUFA was 17.95-49.89%. Salmon contained significantly higher amounts of monounsaturated fatty acids (P £ 0.05) than the other fish examined with the exception of flounder. The lowest content of MUFA was noted in cod (P £ 0.05). The percentages of SFA (35.20 and 26.42%, respectively), C16:0 (24.30 and 17.40%, respectively), and C18:1 (27.69 and 22.06%, respectively) (P £ 0.05) were significantly different between freshwater and marine fish, but the differences of MUFA in the freshwater and marine fish (38.47 and 36.75%, respectively) were not Table 1 Lipid content (%) and fatty acid composition (% of total fatty acids) in muscles of different fish species; n -number of fish; SD -standard deviation. Values with the same letter index in rows do not differ significantly statistically (P < 0.05) Fatty acids Table 3 ). Palmitic acid (C16:0) dominated the saturated fatty acid group. The most abundant monounsaturated fatty acid in all the fish studied was oleic acid (C18:1; Table 1). The content of palmitic acid in pangasius (29.19%) and tilapia (27.96%) was significantly higher than in the other fish examined (P £ 0.05), whereas the lowest value of this acid (11.50%) was noted in salmon (P £ 0.05) ( Table 1 ). The highest amount of oleic acid (C18:1) in salmon (37.57%) was significantly different than that in the other fish studied (P £ 0.05). In the present study, cod (14.29%) and sole (13.54%) had the lowest values of oleic acid (P £ 0.05).
Pangasius (14.29%) and tilapia (16.32%) had the highest contents of n-6 PUFA (P £ 0.05), whereas the lowest amount of this fatty acid group (3.40%) was observed in cod (P £ 0.05) ( Table 2 ), but the opposite was noted for n-3 polyunsaturated fatty acids (P £ 0.05). The n-3 PUFA varied from 5.01 to 45.42%. Freshwater fish had more n-6 PUFA (12.22%) and C18:2 (9.34%) than marine fish (5.96 184 Joanna £uczyñska et al.
Table 2
Differences in the content of sum group fatty acids and n-3/n-6 ratios in muscle lipids of the fish examined (% of total fatty acids; mean ± SD)
Fatty acids SFA MUFA n-6 PUFA n-3 PUFA n-3/n-6 Values with the same letter index in columns do not differ significantly statistically (P < 0.05)
Table 3
Differences in the content of sum group fatty acids and n-3/n-6 ratios in the muscle lipids of marine and freshwater fish (% of total fatty acids) (mean ± SD) n-3/n-6 ratio 6.95 a ± 5.14 1.29 b ± 0.99 SFA -saturated fatty acids; MUFA -monounsaturated fatty acids; PUFA -polyunsaturated fatty acids; EPA -eicosapentaenoic acid; DHA -docosahexaenoic acid; SD -standard deviation. Values with the same letter index in rows do not differ significantly statistically (P < 0.05) and 3.49%, respectively) (P £ 0.05; Table 3 ). The opposite was observed for n-3 PUFA, DHA, and EPA (P £ 0.05), whereas the differences in C20:4 n-6 in marine and freshwater fish did not differ significantly (P > 0.05). The contents of n-3 PUFA, EPA, DHA, and C20:4 n-6 in freshwater fish were 13.13, 2.47, 7.14 and 1.45%, respectively, whereas n-3 PUFA, EPA, DHA, and C20:4 n-6 accounted for 29.79, 12.26, 13.20, and 1.91% in marine fish. In all the fish examined, the most abundant n-6 polyunsaturated fatty acids were linoleic (C18:2 n-6) and arachidonic (C20:4 n-6; Table 1 ). The amounts of docosahexaenoic (C22:6 DHA) and eicosapentaenoic (C20:5 EPA) were predominant among n-3 PUFAs (Table 1). The percentage of linoleic acid ranged from 0.80 to 12.56% and was the highest in tilapia (P £ 0.05) (Table 1). Cod had the lowest values of linoleic acid (P £ 0.05), but the percentage of this fatty acid was not significantly different (P > 0.05) between cod and two marine fish species (sole and flounder). The level of C20:4 n-6 varied between 0.46 and 2.90%. Arachidonic acid did not differ statistically significantly in the following groups: sole, pangasius, and flounder; flounder, cod, and tilapia; catfish, rainbow trout, and salmon (P £ 0.05). The percentage of EPA was significant higher in sole (19.00%) and cod (16.38%), while cod had more DHA (26.97%) than the other fish examined (P £ 0.05).
Significantly lower values of EPA (0.60%), with the exception of pangasius, were noted in tilapia ((P £ 0.05). Pangasius had significantly the lowest value of DHA (2.46%) among all the fish except for tilapia (P £ 0.05).
The n-3/n-6 ratio ranged from 0.36 (pangasius) to 13.40 (cod) ( Table 2 ). The n-3/n-6 ratio was not statistically significantly different in the following groups: cod; sole; flounder; rainbow trout; catfish and salmon; tilapia and pangasius; P £ 0.05). Similarly, significant differences in the n-3/n-6 ratios were noted in marine (6.95%) and freshwater fish (1.29%) (P £ 0.05; Table 3 ).
Discussion
The content of fatty acids groups varied among some of the species studied. Previous studies also noted significant differences among the fatty acids profiles (SFA, MUFA, PUFA) of other freshwater and marine fish species (Diraman and Dibeklioglu 2009) . According to Ho and Paul (2009) , pangasius contained more SFA (42.63%) than Atlantic salmon (29.56%) and barramundi, Lates calcarifer (Bloch) (34.15%). These values are close to those for pangasius in the current study (Table 2 ), whereas they are higher to those for the salmon studied. Grela and Dudek (2007) did not report differences in SFA content between cod (33.12%) and salmon (31.47%). These findings are not in agreement with those of the present study. Halilolu et al. (2002) also observed higher amounts of SFA in the muscle lipid of rainbow trout (31.92%). Similar observations for catfish were made by Kwetegyeka et al. (2008) , who also report that the content of saturated fatty acids in tilapia from Lwampanga at Lake Kyonga is 38.7%, which is comparable to that measured in the same fish species from the present study. The values of MUFA in the fish examined (Table 2 ) are higher to those found by the authors cited above. Ho and Paul (2009) observed lower values of MUFA in pangasius and salmon than those reported in the present study. Suloma et al. (2008) and Osibona (2011) , who both studied fatty acids in tilapia and catfish, also found that palmitic and oleic acid were dominant among the SFA and MUFA, respectively. These results are consistent to those for rainbow trout fillets reported by Kalyoncu et al. (2010) . Similar regularities were also reported previously by Visentainer et al. (2007) for marine fish species. The values reported by Bienkiewicz and Domiszewski (2008) for the palmitic acid content in pangasius (29.21%) was close, whereas that of oleic acid was higher (43.36%) that those of the same fish species in the current study. The current results of C16:0 in pangasius are consistent with those of Ho and Paul (2009) , who also found differences in the amounts of palmitic and oleic acid (C18:1 n-9) between pangasius and Atlantic salmon. Interspecific differences in the content of C18:1 acid in salmon and cod were observed by Grela and Dudek (2007) . Salmon had more oleic acid (33.17%) than cod (20.26%). The results of palmitic and oleic acid in flounder were 22.70 and (2007) note the same differences in cod (7.11) and salmon (4.39). The n-3/n-6 ratio in tilapia was higher than in catfish from Lake Kyoga (Kwetegyeka et al., 2008) , whereas rainbow trout measured by Ko³akowska et al. (2000) had a lower n-3/n-6 ratio than flounder. These findings, with the exception of observations made by Kwetegyeka et al. (2008) , are in agreement with those of the present study.
This study demonstrates that freshwater fish, with the exception of pangasius and tilapia, are good sources of n-3 fatty acids, especially EPA and DHA. These fatty acids in freshwater fish were on approximately the same or higher levels in relation to some of the marine fish examined. Pangasius and tilapia were characterized by the highest content of saturated fatty acids, whereas salmon, flounder, and rainbow trout had the highest values of monounsaturated fatty acids.
